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Objectives: We investigated the outcomes of reinforcing anastomotic sites using (1) nonbiodegradable polytetrafluoro-
ethylene (PTFE) felt, (2) biodegradable polyglycolic acid (PGA) felt, and (3) PGA felt with basic fibroblast growth factor
(bFGF) in a canine descending thoracic aortic replacement model.
Methods: Thirty-seven beagles underwent descending thoracic aorta replacement using a prosthetic graft with one of the
above-mentioned reinforcements or no reinforcement for controls. Histologic evaluations were carried out 1 month and 3
months after surgery. The biomechanical strength of the anastomosis was assessed along the longitudinal axis of the aortic
segments using a tensile tester. Local compliance at the anastomotic site was also evaluated in the circumferential direction.
Results: Themedia was significantly thinner in the PTFE group than in the control group (65.8% 5.1% vs 95.0% 9.3%
of normal thickness; P < .05). Relative to the control group, the adventitial layer was significantly thinner in the PTFE
group (42.3%  8.2% of control; P < .05) but significantly thicker in the PGA and the PGA  bFGF groups (117.2% 
11.3% and 134.1%  14.2% of control, respectively; P < .05). There were more vessels in the adventitial layer in the
PGA  bFGF group than in the control, PTFE, and PGA groups (29.2  2.1/mm2 vs 13.8  0.8, 5.4  0.7, 17.0 
1.3/mm2, respectively; P < .01). There were no significant differences between the four groups in the failure force at
anastomotic sites. Local compliance at the anastomotic site was higher in the PGA group than that in the PTFE group
(11.6  1.6 106 m2/N vs 5.6  1.9 106 m2/N; P < .05).
Conclusion:Reinforcement of the experimental aortic wall with PTFE felt resulted in thinning of the media and adventitia
and fewer vessels at the anastomotic site. These histologic changes were not observed when biodegradable felt was used.
The bFGF failed to augment the modification of the aortic wall with the exception of increased adventitial vessel number.
Biomechanical strength of the anastomosis along the longitudinal axis was comparable in all four groups; however, local
vascular compliance was better in the biodegradable PGA felt group. (J Vasc Surg 2010;51:194-202.)
Clinical Relevance: This investigation was conducted to extend our previous investigation on a biodegradable felt strip
into more practical form before we proceed in a clinical application of the new material. We hypothesized that sustaining
compression of the aorta by the nonbiodegradable felt strip may cause structural derangement and local ischemia on the
aortic wall, which may lead to occurrence of late postoperative false aneurysm after aortic surgery. We attempted to find
a clue for preventing adverse effects of reinforcement with a conventional felt strip. We have found that biodegradable felt
prevented thinning of both the media and adventitia and increased adventitial vessels with increased vascular compliance
at the aortic anastomotic sites.BACKGROUND
Suture line disruption is a late complication of aortic
surgery that can cause substantial mortality and morbidity,
even years after the primary operation.1 Even if the disrup-
tion is asymptomatic, surgical management of this compli-
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194cation cannot be delayed. Although the overall incidence of
pseudoaneurysms originating from the suture line between
the graft and the aorta is reportedly less than 0.5%,2 the
incidence of pseudoaneurysm appears to be higher after
surgical repair of acute aortic dissection, occurring in 2% to
3% of cases.3-5 However, limited information is available on
the incidence of pseudoaneurysm associated with particular
surgical techniques in this context. Little was known about
the long-term integrity of Teflon felt-supported suture
lines before the report published by Strauch et al.1
In thoracic aortic replacement with a prosthetic vascular
graft, nonbiodegradable polytetrafluoroethylene (PTFE)
felt is widely used not only for suture line hemostasis but
also for reinforcement at the anastomotic site,6 since a
number of pseudoaneurysms have been observed in pa-
tients in whom a felt strip was not used to reinforce the
suture line, as Strauch et al1 described. However, even
though aortic suture line disruption was reportedly infre-
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2.3%.1 Furthermore, the long-term changes in the patho-
histologic and biomechanical properties of these anasto-
motic sites are poorly understood. In a previous study, we
found that when the aorta was simply wrapped (with no
resection of the aorta) in nonbiodegradable PTFE felt, the
adventitia in the wrapped segment of the aortic wall had
reduced thickness and fewer vessels relative to controls.7
However, we found that these histologic changes did not
occur when either biodegradable polyglycolic acid (PGA)
felt or PGA felt incorporating basic fibroblast growth factor
(bFGF) were used instead of PTFE felt. These histologic
changes were reflected in the finding that the aortic wall that
waswrapped in PGA felt or PGAplus bFGFwas stronger than
that wrapped in PTFE felt. In our previous study, we focused
on the effects of simply wrapping the aorta with different
materials and eliminated confounding factors such as anasto-
motic technique. To extend our investigation into a more
practical form, in the present study, we used these biodegrad-
able felts to reinforce surgical anastomotic sites in a canine
descending thoracic aortic replacement model.
Our fundamental hypotheses are that reinforcement with
biodegradable felt prevents tissue derangement occurring at
the aortic anastomotic site and yields more durable aortic wall
compared to nonbiodegradable PTFE felt reinforcement and
that an addition of bFGF using local drug delivery system can
augment the modification of the aortic wall.
MATERIALS AND METHODS
Preparation of the gelatin-coated PGA felt strips.
Gelatin hydrogels were prepared according to the method
of Tabata et al.8 Briefly, 400 L of a 25% (w/w) aqueous
solution of glutaraldehyde (GA; Wako Pure Chemical In-
dustries, Osaka, Japan) was mixed with 200 mL of a 5%
(w/w) aqueous solution of gelatin (type I collagen, with an
isoelectric point of 5.0, extracted from bovine bone using
the alkaline method; Nitta Gelatin, Osaka, Japan). The
GA-gelatin mixture was then heated to 40°C. The PGA felt
strips (10 mm  100 mm; Gunze Co, Kyoto, Japan) were
exposed to corona discharge for 1 minute to enhance gelatin
binding and then soaked in the GA-gelatin solution. Gelatin
cross-linking was allowed to proceed for 12 hours at 4°C. To
block the residual aldehyde groups of GA, the gelatin-coated
PGA felt strips were then immersed in a 50-mM aqueous
solution of glycine (Wako Pure Chemical Industries) for 1
hour at 37°C. The PGA felt strips were rinsed three timeswith
double-distilledwater (DDW)at 37°C, freeze-dried, and then
sterilized with ethylene oxide gas.
Preparation of the gelatin-coated PGA felt strips
containing bFGF. Commercial aqueous recombinant hu-
man bFGF solution (10 mg/mL, with an isoelectric point
of 9.6; Kaken Pharmaceutical, Tokyo, Japan) was diluted
with DDW to adjust the concentration to 50 g/mL.7
Two milliliters of the diluted bFGF solution (containing
100 g of bFGF) was then dropped onto each freeze-dried
gelatin hydrogel-coated PGA felt strip in order to incorpo-
rate the bFGF into the gelatin hydrogel. Tabata et al9 has
reported slow release of bFGF from gelatin hydrogel. Therelease rate depends on the gelatin concentration. With 5%
of gelatin we have used, it is known for bFGF to be released
for approximately a 1-month period. We selected the bFGF
dose based on our previous animal experiments using bea-
gles.7 The felt strips were allowed to stand for 1 hour at
25°C to allow the bFGF solution to completely soak into
the gelatin hydrogel.
Operative procedure. The experiments were carried
out on 32 beagles weighing between 9 and 11.5 kg. Thio-
pental (30 mg/kg) was used for induction, and general
anesthesia was maintained by inhalation of 0.5% sevoflu-
rane. The descending thoracic aorta was exposed through a
left lateral thoracotomy incision.
The descending thoracic aorta was replaced with an
8-mm-diameter 5-cm-long prosthetic vascular graft
(Gelweave; Vascutek Ltd, Scotland, United Kingdom) us-
ing a 5-0 polypropylene over-and-over running suture
(Prolene; Ethicon, Inc, A Johnson & Johnson Company,
Somerville, NJ). The anastomotic sites were reinforced
circumferentially with one of three different materials:
PTFE felt (porosity of approximately 1700 mL/min/cm2
H2O; Kouno Co, Chiba, Japan; PTFE group), PGA felt
(PGA group), or PGA felt plus bFGF (PGA  bFGF
group). Both the proximal and distal anastomoses were rein-
forced with the same material. The width of the felt strip was
10mm in all cases (Fig 1,A).No reinforcingmaterialwas used
in the control group. As for features of the PGA felt, the PGA
bears a resemblance to PTFE felt. It was hard to begin to use
because it had been freeze-dried. But once it is moisturized
either with saline or bFGF solution, it becomes soft and
flexible. It is easy to handle. Needle hole bleeding through it
was not observed. Blood loss and aortic cross-clamp timewere
not different between the groups.
The dogs were killed at 1 month (n 3 for each of the
PTFE, PGA, and PGA  bFGF groups, n  0 for the
control group) and 3 months (n 6 for each of the PTFE,
PGA, and PGA  bFGF groups, n  5 for the control
group) of follow-up, and the descending thoracic aorta was
resected. We chose a 3-month time point to assess histology
and anastomotic strength, since the biodegradable PGA felt
has been proven to be completely resorbed by 3 months,
based on our previous study.7 To illustrate the process of
biodegradation of the PGA, a 1-month time point was also
chosen as another evaluationpoint.Theproximal anastomotic
sites were assessed histologically, and the distal anastomotic
sites were subjected to tensile testing as described below. To
evaluate the thickness of the media as relative value to that of
normal aorta, a section of intact, untreated aorta was taken
from 2 cm proximal to the proximal anastomotic site.
Dogs were treated in accordance with the Declaration
of Helsinki and the “Guiding Principles in the Care and
Use of Animals.” The experimental protocol and proce-
dural protocol for animal care were also approved by the
Animal Care Committee of the Graduate School of Medi-
cine, Tohoku University.
Histologic analyses. Aortic specimens from the prox-
imal anastomotic sites were cut and fixed in a 4% formalin
solution and then embedded in paraffin. The transmural
the m
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hematoxylin-eosin (HE) to allow microscopic determina-
tion of the thickness of the media and the adventitia in each
section. The anastomotic sites were also stained with anti-
factor VIII antibody (Cedarlane, Ontario, Canada) to de-
tect vascular endothelial cells within the aortic wall. In the
media and the adventitia, the number of vessels per mm2
was counted in eight randomly chosen fields per slide by
two pathologists blinded to the test. The average number
of vessels per slide was used to assess the vessel density.
The cross-sectional area of the media (Am) and outer
circumference (Do) and inner circumference (Di) of the
media were measured, and mean thickness of the media at
the anastomotic site (Ta) was calculated based on the
following equation.10 Ta  2Am/(Di  Do) (Fig 1, B).
The same measurements were performed for a section of
intact untreated aorta, and themeanmedial thickness of the
untreated section was used to assess the relative thickness of
the media at the anastomotic site. To analyze the histologic
changes in the adventitia, the cross-sectional area of the
adventitia (Aa) was measured, and the adventitia-media
ratio was calculated as Aa/Am. These histologic measure-
ments were performed using Image-Pro Plus (v 4.0; Media
Cybernetics, Silver Spring, Md) for Windows (Microsoft,
Fig 1. Schematic diagrams illustrating the experimenta
was anastomosed with an 8-mm prosthetic vascular graft
anastomotic site was reinforced with a 10-mm-wide felt s
the media (Am) and the outer (Do) and inner (Di) circum
mean thickness of the media in each section was calculate
area of the adventitia (Aa) was measured. C, The tensile
aortic specimens. Am, Cross-sectional area of the me
circumference of the media; Di, inner circumference ofRedmond, Wash).To examine the structural components of the media,
the collagen-smooth muscle ratio was evaluated. The re-
spective areas of slides represented by collagen fibers and
smooth muscle cells were quantitatively determined by
image analysis using IP Lab Spectrum software (v 2.3;
Signal Analytics Corporation, Fairfax, Va).11
Tensile testing: failure force and failure stress. The
aortic specimens from the distal anastomotic sites were
placed between the jaws of a tensile tester (Autograph
AGS-50D type III; Shimadzu Co, Kyoto, Japan) (Fig 1,
C). The tensile tests were carried out along the longitudinal
axis of the arterial segments. No preload was applied to the
specimens, and each specimen was tested at a constant
elongation rate of 3 mm/min until failure. The cross-
sectional area of the specimen at the failure site was mea-
sured microscopically. The maximum tensile force was
designated the failure force, and the failure stress was
determined by dividing the failure force by the measured
cross-sectional area.
Study to measure aortic compliance at the anasto-
motic site. Based on the results of the above described
experiments on the four groups (PTFE, PGA, PGA 
bFGF, and control; the results are described in the following
Results section), we elected to further investigate a difference
edures. A, The anastomotic site of the aorta. The aorta
a 5-0 polypropylene over-and-over running suture. The
B, Cross-section of the aorta. The cross-sectional area of
nce of the media were measured. Using these values, the
calculate the adventitia-media ratio, the cross-sectional
ng apparatus used for the longitudinal extension of the
Aa, Cross-sectional area of the adventitia; Do, outer
edia.l proc
using
trip.
fere
d. To
testi
dia;in aortic biomechanical property between the PTFE and PGA
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aortic anastomotic site, we conducted another set of experi-
ments. Five beagles underwent the same operative procedures
as described above. In this series, the proximal and distal
anastomotic sites were reinforced circumferentially with PGA
and PTFE felt, respectively. The dogs were killed at 3 months
of follow-up, and the descending thoracic aorta was resected.
The proximal and distal anastomotic sites were subjected to
compliance testing as described below.
Vascular compliance can be assessed in the three-
dimensional directions. Evaluation of aortic compliance in the
circumferential direction is the most significant and reliable
method to characterize the aortic compliance that accommo-
date dynamic component during cardiac systolic and diastolic
phase. Stress-strain relation was, hence, examined in the cir-
cumferential direction. A rectangular aortic strip 10mmby 20
mm in size was resected from the anastomotic site where
either PGA or PTFE was placed externally. Aortic wall thick-
ness (together with PTFE felt where PTFEwas used) was first
measured using a micrometer 2050F (Mitsutoyo, Kawasaki,
Japan) to calculate stress on the aortic wall afterward. Two
parallel lines were marked horizontally on the intimal side
using Crystal violet. The aortic specimen was suspended on a
tensile tester (Autograph AGS-50D type III; Shimadzu Co,
Kyoto, Japan; Fig 1, C), and both ends of the specimen were
grasped firmly by the jaws of the tester. Each specimen was
Fig 2. Features of the aortic wall at the anastomotic site 1
wall at the anastomotic site (original magnification 40,
reinforced with PTFE felt (A), PGA felt (B), or PGA fe
anastomotic site (expressed as a percentage of the thicknes
muscle ratio in the media at the anastomotic site. Values in (D)tested at a constant elongation rate of 3 mm/min within a
physiologic range of load (50 g). Stress-strain curve was
recorded. Modulus of elasticity and subsequently compliance
was calculated within the load range corresponding to blood
pressure of 90 to 140 mmHg.
Statistical analysis. Statistical analysis was performed
using Excel for Mac (Microsoft Co, Redmond, Wash) with
the add-in software StatMate III (ATMS Co, Ltd, Tokyo,
Japan). All data, except from the vascular compliance test,
were analyzed by Kruskal-Wallis nonparametric test. If the
Kruskal-Wallis test finding was significant, then a post hoc
Steel-Dwass multiple comparisons test was used. Data on
the compliance test were analyzed by Mann-Whitney test.
Experimental results are expressed as mean  SEM. A
difference with a P value of less than .05 was considered
significant.
RESULTS
Survival and macroscopic findings. All 37 beagles
survived until they were killed. The PGA felt had not
dissolved in the animals killed at 1 month after surgery but
had completely dissolved in the animals killed at 3 months.
Fibrous encapsulation of the aorta at the anastomosis was
observed in the animals killed at 3 months.
Microscopic findings. The EM-stained transmural
sections of the anastomotic site are shown in Fig 2, A-C,
th after anastomosis.A-C,Histologic sections of the aortic
ica-Masson staining; scale bar, 200 m). The sites were
h 100 g bFGF (C). D, Thickness of the media at the
he intact descending thoracic aorta). E, Collagen-smoothmon
elast
lt wit
s of tand (E) are given as mean SEM. n.s.,Not significant.
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PGA  bFGF groups, residual PGA fibers remained to
some extent, and infiltrating inflammatory cells were ob-
served. At 3 months, the PGA fibers were no longer present
and had been replaced with connective tissue.
Media thickness. At 1 month after surgery, there was
no statistically significant difference in the thickness of the
media among the PTFE, PGA, or PGA  bFGF groups
(Fig 2, D). At 3 months, the media in the PTFE group
was significantly thinner than that in the control group
(65.8%  5.1% vs 95.0%  9.3% of normal thickness; P 
.05). There was no statistically significant difference be-
tween the control group and either of the PGA or PGA 
bFGF groups (Fig 3, E).
Collagen-smooth muscle ratio in the media. The
collagen-smooth muscle ratios in the media of the PTFE,
PGA, and PGA  bFGF groups at 1 month and 3 months
after surgery were essentially the same (Fig 2, E, and 3, F).
Adventitia thickness and adventitia-media ratio. At
1 month after surgery, PGA fibers still existed around the
aorta (Fig 2, B and C), so measurement of the adventitial
Fig 3. Features of the aortic wall at the anastomotic site
aortic wall at the anastomotic site (original magnificatio
controls, anastomotic sites were not reinforced (A). In t
felt (B), PGA felt (C), or PGA felt with 100 g bFGF (D
as a percentage of the thickness of the intact descending t
at the anastomotic site.G, Adventitia-media ratio (AMR)
Aa is the cross-sectional area of the adventitia, and Am is
are given as mean  SEM. n.s., Not significant.layer could not be carried out. At 3 months, relative to thecontrol group, the adventitial layer was significantly thinner
in the PTFE group (42.3% 8.2% of control; P .05) but
significantly thicker in the PGA and the PGA  bFGF
groups (117.2%  11.3% and 134.1%  14.2% of control,
respectively; P  .05). When the adventitia-media ratios
were calculated, the adventitia-media ratio of the PTFE
group was significantly lower than the ratios of the PGA,
PGA  bFGF, and control groups (Fig 3, G).
Vessel density in the adventitia. Representative pho-
tomicrographs of the adventitia are shown in Fig 4,A-D. At
3 months, significantly fewer vessels were seen in the ad-
ventitia in the PTFE group relative to the other groups.
The number of vessels in the PTFE group was almost
one-third that in the control group. In contrast, there were
markedly more vessels in the PGA  bFGF group than in
the control group (Fig 4, E).
Failure force and failure stress. The failure force and
failure stress were assessed at 1 month (Fig 5,A and B) and
3 months (Fig 5, C and D) after anastomosis. There were
no significant differences between the groups at either of
nths after anastomosis. A-D,Histologic sections of the
0, elastica-Masson staining; scale bar, 200 m). In the
perimental groups, the sites were reinforced with PTFE
hickness of the media at the anastomotic site (expressed
ic aorta). F, Collagen-smooth muscle ratio in the media
e anastomotic site (calculated as AMR Aa/Am, where
oss-sectional area of the media). Values in (E, F, and G)3 mo
n: 4
he ex
).E,T
horac
at th
the crthe two time points.
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Volume 51, Number 1 Fujiwara et al 199Fig 4. Vascularization of the aortic wall at the anastomotic site 3 months after anastomosis. A-D, Aortic wall sections
from the anastomotic site stained using anti-factor VIII antibody. Distinct vessels can be seen in the adventitia of the
aortic wall. Control (no felt) (A), PTFE felt (B), PGA felt (C), PGA felt with 100 g bFGF (D). In the PGA bFGF
group, a marked angiogenic effect was observed relative to the other groups (original magnification 100; scale bar,
100 m). E, Vessel density in the adventitia at the anastomotic site (expressed as number of vessels per mm2). In the
PTFE group, the number of adventitial vessels was less than half the number in the control. In the PGA bFGF group,
significantly more vessels were seen in the adventitia. Values are given as mean  SEM.Fig 5. Tensile testing data for the anastomotic sites. The failure force and failure stress were assessed at 1 month
(A, B) and 3 months (C, D) after anastomosis. No significant differences were seen between any groups at either of the
time points. Values are given as mean  SEM. n.s., Not significant.
JOURNAL OF VASCULAR SURGERY
January 2010200 Fujiwara et alVascular compliance. The vascular compliance in the
 direction (Fig 6, A) was evaluated 3 months after anasto-
mosis using two different reinforcing techniques (Fig 6, B).
Local compliance at the anastomotic site was higher in the PGA
group than that in the PTFE group (11.6 1.6 106 m2/N vs
5.6 1.9 106 m2/N; P .05).
DISCUSSION
In a previous study, we found that there are differences
in the structural changes that occur in aortic wall wrapped
in three different materials: PTFE, PGA, and PGA with
bFGF.7 In the present study, we examined the pathohisto-
logic and biomechanical changes that occur in surgically
anastomosed aortic wall reinforced with felt strips made
from the above-mentioned materials. We found that rein-
forcement of the anastomosis with PTFE was associated
with thinning of the media and adventitia and a small
number of vessels in the adventitia. Furthermore, we also
found that these histologic changes did not occur when
PGA felt with or without bFGF was used. These experi-
ments show that the vascular modification that occurs in
the presence of biodegradable PGA felt is reproducible,
even with surgical manipulation (in this case, sutured anas-
tomosis).
The wrapping method has been widely used to secure
hemostasis and to reinforce the anastomotic site during
thoracic aortic surgery.1,6 However, once the tissue has
healed completely at the anastomotic site, reinforcement is
thought to be no longer necessary; thus, the reinforcing
material (usually a PTFE felt strip) is needed for only a short
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Fig 6. Evaluation of vascular compliance.A,Vascular com
During cardiac systolic and diastolic phase, the vesse
Magnitude of displacement in the z direction is relatively
the  direction. B, The vascular compliance was evaluate
techniques (PTFE vs PGA). Local compliance at the ana
the PTFE group. Values are given as mean  SEM.period of time. In agreement with our findings, Kinefuchiet al12 also found that use of nonbiodegradable felt resulted
in a thin aortic wall, presumably because of long-standing
compression and local ischemia of the aortic wall. In the
present study, by using immunohistochemical methods, we
found that PTFE felt also caused a decrease in the number
of adventitial vessels at the anastomotic site.
In the present study, changes in medial thickness were
also examined. In the PTFE group, the medial thickness
declined from 75.0%  7.6% to 65.8%  5.1% of normal
thickness (ie, thickness of the intact aorta) between 1 and 3
months following aortic replacement. Over the same pe-
riod of time,medial thickness in the PGA and PGA bFGF
groups was essentially unchanged. Since PGA is hydrolyzed
constantly under in vivo conditions and completely dis-
solves within 3-4 months of implantation,13,14 it is likely
that compression of the native aorta by the reinforcement
(in association with intraluminal pressure) would decrease
over time. During the course of this study, we macroscop-
ically and microscopically confirmed that the PGA felt had
completely disappeared by 3 months after surgery. We infer
from this observation that the thickness of the aortic wall
was maintained because of the biodegradability of the PGA
felt.
With regard to the histologic changes in the adventitia,
it was substantially thickened in the PGA and PGA bFGF
groups (Fig 3, C and D), with the area between the media
and the suturing holes being replaced with regenerated
connective tissue, whereas in the control group, the suture
holes existed right adjacent to the media, although the
adventitial tissue was preserved between the stitches. In the
) 
PTFE PGA
㶎; P㩷 <0.05 
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previous study of aortic wrapping. In the present study,
there were rather marked differences in the numbers of
adventitial vessels in the different groups. At 3 months, the
number of adventitial vessels in the PTFE group dropped
down to one-third of that in the control group, but the
number in the PGA groups wasmuch larger than that in the
control group. The vessel density in the PGA  bFGF
group doubled during the 3-month follow-up period com-
pared to that in the control. As was also seen in our previous
simple wrappingmodel, the induction of accelerated angio-
genesis by bFGF was notable and reproducible in the
present anastomotic model. The bFGF is a powerful angio-
genic growth factor; however, information on the biologic
effects of bFGF in its free form is limited because its in vivo
half-life is very short.15 Tabata and Ikada16 reported that
bFGF release can be controlled effectively by incorporation
into gelatin hydrogels, and the usefulness of bFGF-
containing gelatin hydrogels has been proven in various
experimental settings.17,18 Our model is, therefore, an-
other successful example of a gelatin hydrogel-mediated
local drug delivery system. Nevertheless, bFGF failed to
augment the modification of the aortic wall with the excep-
tion of increased adventitial vessel number. Some clinical
studies have reported that bFGF exerts an angiogenic func-
tion under the pathologic circumstances such as tissue
ischemia (eg, limb ischemia, myocardial ischemia).19,20
Our results, as seen in Fig 4, demonstrate that adventitial
vessel density was essentially equal between the PGA felt
and control groups in contrast to decreased vessel density as
in PTFE felt group, which implies that PGA felt reinforce-
ment, per se, can prevent tissue remodeling brought by
PTFE felt. Tissue regeneration activity and elimination of
local compression provided by biodegradable PGA might
have predominant impact on the aortic anastomotic site.
Under these circumstances, bFGF might not exert its po-
tential role evidently in this model.
Although the bFGF-induced enhanced angiogenesis
was not directly associated with increased adventitial thick-
ness (there was no difference in adventitial thickness be-
tween the PGA and PGA  bFGF groups), the impact of
neovascularization may still be important. In fact, we have
recently demonstrated that enhanced perigraft angiogene-
sis can prevent prosthetic graft infection in a rat model.21 In
this regard, addition of bFGF may help to prevent pseudo-
aneurysm formation with improved resistance to local in-
fection. Further study is warranted to elucidate the impact
of bFGF-induced angiogenesis at the aortic anastomotic
site.
In an attempt to characterize the different anastomotic
techniques, we evaluated the biomechanical properties of
the aortic wall at the anastomotic site. In our previous study
of a simple wrappingmodel (without surgical anastomosis),
in the tensile test of the aortic wall, the PGA-wrapped wall,
with or without bFGF, had a twofold greater failure stress
value than the PTFE-wrapped wall, when tested in a longi-
tudinal direction. In contrast, in the present study, there
were no statistical differences in the results of the tensile testperformed at either of the two time points. Failure force
obtained here corresponded to 350 to 800 mm Hg, which
is beyond physiologic blood pressure range. This means the
biodegradable PGA felt yielded as durable anastomotic
strength as PTFE did. One can argue that once the rein-
forcing material is dissolved, the anastomotic site becomes
no longer robust. It was not the case in our experiment.
There were no incidences of suture line loosening or pseu-
doaneurysm formation either. To the best of our knowl-
edge, our experiment proved for the first time that suture
line does not loosen even if biodegradable material is used
as a reinforcement at the aortic anastomosis. In order to
better characterize the biomechanical property of the aorta
at the anastomotic site, we conducted another set of exper-
iments creating 3-month models where we performed a
tensile test in the circumferential direction to evaluate
compliance of the aorta. Local compliance at the anasto-
motic site in the PGA group was twofold compared with
that in the PTFE group. The PGA felt reinforcement
yielded pliable aortic segment at the anastomotic site,
whereas PTFE felt generated rigid segment. In general,
compliance mismatch has been known to produce anasto-
motic shear stress with subsequent damage to the arterial
wall. The structural impairment permits tearing out of
sutures from the vessel wall. The process is facilitated by
prior loss of structural integrity of the vessel wall.22,23 In
this regard, PGA felt may play a beneficial role to reduce
compliance mismatch between the intact host artery and
the aortic segment that is involved in the anastomosis.
CONCLUSION
Reinforcement of anastomotic sites with nonbiode-
gradable PTFE felt resulted in thinning of both the media
and adventitia in the aortic wall. These changes were asso-
ciated with a reduced number of vessels in the adventitial
layer. In contrast, when biodegradable PGA felt was used,
these histologic changes were not observed. The bFGF
failed to augment the modification of the aortic wall with
the exception of increased adventitial vessel number. There
was no difference in failure force in a longitudinal direction
relative to the PTFE group. PGA felt, however, provided
more compliant aortic segment at the anastomotic site.
Biodegradable PGA felt can prevent the medial thinning
and reduction in adventitial vessel density and produce
compliant aortic segment compared to PTFE felt when
used at the anastomotic site.
Study limitations. Since our study was conducted
using a large animal model, the follow-up period was
limited to 3 months. It is, therefore, still unknown whether
the histologic alterations we observed persist over the long
term. Thus, further investigation of the long-term effects of
PGA felt with or without bFGF on aortic wall remodeling is
required. In the present study, we performed a longitudinal
tensile test, but endoluminal pressure tests and compliance
tests in the radial direction might also be required to gain a
better understanding of the biomechanical properties of
the anastomotic site.
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